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rocy/upCTSeUHMH KOHHTST 
CCCP 

no H3fl6peTCHHM 
H OTKpUTRM 



OnMCAHME 
M306PETE H M S 



K ABTOPCKOMy CBMflfcTEnbCTfty 

(61) jttonojiHHTeJibHoe k sbt, cbha-by — 

(22) 3aHB.ieHO 14-08.78 (21) 2673722/23-04 
c npHcoeflHweBKeM 33«8KH M> — 

(23) ripKOpHreT — 

(43) Ony6.tHKOBaHO 07.06.8t. Bio.'t.ieTCHb X* 17 
(45) flaTa ony6jiHKosaHna onucaHHa 30.07 .81 



(ID 



827538 



(5t)M.Kn. 3 C 10 M 5/02 



(53) VAK 621.892.8 
(088.8) 



(72) AbtOpm 

(71) 3aflBHTCJIH 



r. B, OrapMKODa, A- H. Eeoiwfi hB. H, CrapwkoB 



FoMCJibCKHfi rocyAapcTBeHHwfl yMHBepCMTeT 

H fOMCJIbCKHft tpHJlHaJI / 

BcjiopyccKoro opaeHa Tpyaoaoro Kpacnoro 3HaMeitf|L_V._; 
nOJJHTexHHHecKOro HHCTHTyTa 



t 



(54) AHTH4>PHKUHOHHAfl 
METAJlJ!OnJ!AKHPyKDmA5I CM A3 K A 



2 



H3o6peTeHKe othociitch k TexnOJiorHH Ma- 
cen, McnoJibayeMbix una y.MeHbiueHH* w^noca 
TpymHxea noBepxHOCTeft. 

B coapeMeHHoft tcxhhkc iuwpoKO tfcno.ib- 
3yercH (Sojibnioe <jhcjio pa3Jin<iHoro cocraBa 
KOHCuCTewTHbix h MaceJi, o6jiaaaio- 

LUHX BWfCOXUMK a«TH<t>pHKUHOHHb;M« XapSKTe- 
PHCTKK3MH. 

H3BeCTHH CM A3 KM C AOOaBJieaHfcM pa3- 

jiH^iHbix HaDOJiHHTejjeS, e tom *iHC*ne nopoiu- 
kob MeTayuioB [it]. 

Ha>i6ojibijjee paonpocxpaHeHHe tfaucuirt 06- 
jTanarotuwe pH£0M ueHHbix npeHjwiymecTB 
Tajuion.iaKHpyiomHe cmh3kh. 

MsBecxHa Met-ajiJionjiaKHpytomaH cmssks 

Ha OCH0B& -nJiaCTKMHOfl MblJIbHOH CM33KH, «a- 

npHMep UHATHM-201 hjih UHATHM-203, 
c<wp>KaJtta.a 5 — 60 Bee. % noponjKoa6pa3tto- 
ro Merajuia, HanpHMep o/rosa, cBtfuua, MeAh, 

UHHK3 [2]. 

O^wafco, noBbnuas npoTHB03a,2Hpttbce 
CBoflcraa CMa3KH b ueJiOM h h 3 h o c oc roft KOCTb 
nap Tpenw*, jtetfrtaa CMa3Ka o(5ecne<iRBaeT 
3to noBbiuieHHe b HCSHaqHreJtbHOw creneHH; 

HSnpHMep JlHHeflHaH .HHTeHCHBHOCTb H3HOCa 

nap TpeKKfl c npHMeHeHKeM H3&ecTHOH cMa3* 
pauHa 4,8- 10~ s -i-5<2 * 10" s , a c npH»eHe- 

HHSM TOJIfeKO CM33KH OCHOBb? 5,72 ' tO-*, 

T. JIHHeHHafl HHTeHCRBHOCTb H3H0CS yMeHfa- 



lUHJiacb Ha 17—9%. TaKHM o6pa30M t -k3hoco- 
CToftKocrb nap TpeHHH c npHMeHenHew W3- 
BecTMOfl CM33KH noBWCHviacb «a 10 — 20% no 

CpaBHSHHEO C HpHMGHCKM^M CM33KJI 

S uHATHM-201, x. c. noBwiueHHc 3td He3Ha* 
qHTe^JbHOe. 3to o6y<MTOBJieHO reM, kto otho- 

CHTeJlbHO K6B6JtMKa ITJt ACTUM HOC Tb H3CTHU 

MeTa-a.fion^axHpyioii;eji npHcaaKii Ha ochqbc 

aHTM^pMKUKOHHblX MeTaJlJlOB, co zcp»w a UXHXCft 
10 B H3BeCTHOfi CMa3KC KpOMC TOrO* ^aCTWtlbl 

ue^xyt h cn.iaBOB Ha ee ocHose HMenyr cbo^ct- 
bo HaKJienMBaTbCH Ha Tpymnxcff noBepxnoc- 
tax, a 3to noButnaeT nx teepAocTb h yM€Hb- 

LUaCT riJJaCTHtlHbie CBOflCTBa. 3to, B CttO>0 

15 onepGjb, npHBOOTT k TOMy, mto npH pa6oTe b 
Tfl>Ke.ibix pex-CKMax nponcxojiHT HactH^tioe ot- 
c.ioeHHe n^aKupyioiueft n^eHKH, .npHBOA^m.^ 
k cxBaTHBaHHio k 38jiHpy noBepxHOCxew , r. e. 

' K yMGHbllJCHHIO H3HOCOCTOfiKOCTH TpyiMMXCJi 
20 nap. 

Bo-BTOpb[X» HeAOCTBTKOM H3BECTH0H CM33- 

kh «BJtseTCfl to, mto n;ia KHpyiomaH npncaA- 
Ka -io6aBJifleTc« b 6o;ibiiJOM KOJiH^iecTBc {jxc 
60 Bee. %), ^to yjiopoKaer cTOHMocxb CMa3- 
23 kh, Tax ksk b cocTas npHcaaxn Moryr bxo- 
^HTb AoporocTonmHe (,ae$nuHTHbie) MeTaJi- 
JTH t iec < KHe KOMnonaHTbT, a hx no^iy^eHHe 
(AHcneprHponaH«e) c&H33HO co 3Haqirrejib- 
hwmh TpyiOBbiMrt ii 3HepreTii^ecKHM>i 3atpa- 

^0 T 3MrH. 
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6 



HOCTL 



UM ATMM-20L 



UHATi>iM-201-h5% Cu 
UHATVlM.20t-i-2O% Cu 
UWATHM-2014-40* Cu 
UHATHM-20l-f6)* Cu 

IlHATKM.201+2t>% Sn 
UM ATM Nl-201 -1-40% Sn 
UMATKM-20J-4-6J& Srt 

UktAtKM-20J + t% Bi-Pb-Sn 
UMATMM-'i0t-*-5% Bi— Pb-5n 
Li.MATI4M.20H- LO* Bt-Pb— Sn 
UMATkfM-2JJ+20% Bi-Pb — Sn 
HHATWM-201+30% Bi-Pb-Sn 
.UMATKM-201 + 40% Bl-P1>-Sn 



5 t 72 

5.2 
4,2 
4.6 
5,6 

4,8 
3,0 
3,4 
5,0 

3J2 
D,4i> 
0,62 
0,91 
2.41 
2,<55 



10 



IS 



20 



25 



30 



35 



4fl 



45 



50 



55 



KaK bhaho us Ta6ji. 2, yseji-HMeKHe pa3- 
aicpa Hacrau or 5 AO 60 jk*a* b H3BecTHofl 

<CM33Ke K SHa^mTeJIfcHOMy H3MeHettHlO KtrreR- 60 
«CHBHOCTH H3HDCa «e TIpKBOAHT, B TO BpeMJT, 

KaK Aflfl rnp^A^&raeMoft cMaaxK a to H3Mene- 
Mi cym,eCTBeHHO, a M»»HMa;ibHOH HHTeKCHs* 

"HOCTH <H3HOCa CQOTBCTCTByeT ^HCtiepCHOCTb OT 



TeHCHBHOCTK H3HOCa HO CpaBH&HMIO CO CM33- 

k3mh H3Becrnoro xexww^ccKoro peuieHHfl. H3 

Ta6jIH<IH&TX ASHKHX TatOKS b-haho, ITO HHTOp- 

BaJi onTHMa-itHoro .npoueHimoro co,sep>KaHH* 
.npwcazKK b npcAJiaraeMoft cMa3Ke Jiew&r b 
.npeaanax or 5 iio 30 Bee. %, b to BpcMsr KaK 
.ajih K3aecTHoft cMa3Kw — b npeAfcJiax 20 — 
40%. 

Rjm onpeje/rertHS bjihhh™ Ancne p c b.0 err h 
HcnOJib3yeMoro Haacui<H«Tejisi Ha -hwtohchb- 

HOCTb H3HOCa iHCnblTbIB SIOT HO yKa3aHH0# BH- 

uie MCTo^Hxe cMa3KM, onTKMajitHbifi npoueHT 

^COAep>KaHHH HanOJBHHTeJttf B KOTOpblX COOT- 

iBetCTByeT MWHfiM aJibHOMy 3HanertHio hhtch- 

•CHB HOCTH H3MOCa (CM- TaGJt. 2). 

T a 6 A h u a 2 





&wcnept- 

IIOCTH «0- 




.UMATHIVl-20t4- 
-]-:20$; Cu 


5-10 
tQ-20 
60^100 


4.52 
4,2 

4,6—5,0 


HtfATMM-20i-f 
+20% Sn 


5-10 
10-20 
GO— 100 


' 3,0—3,21 
3,3 

3,6-4,0 


IUWATJ4M-201 + 


5-10 
10-20 
60-100 


0>45 
0,68 
3,15 



IlpaKTHqeCKH HC GJIHBeT Ha ^HHCftHyK) J»H- 
T£HCHBHOCTb H3HOCa napbl TpeHHH H BeJIH^HHa 

sepKa b wacTvmax nopoitJica HanoJi»HTejr* hs- 
eecTHoft CM33KH, b to speMH KaK B npe^jTa- 
raewofi CMa3«e BejiHHHKa aepHa b lacrnuax 
Hano-ftHHTejtJi 33bhcht ot npoueaTHoro coAep- 
)KaKKH KOMnoncHT cBepxn/iacTKiHoro cflflaBa 
(cm. Ta6ji. 3) h Tip* ero otkjiohchhh ot onTH- 
Ma/ibHOro Ha 6ojice mgm ±3% npHBOAHT k 
yBejiH<jewHJO kht&hchbhocbh H3H0ca b 5—10 
pa3. 

JIjih onpeAeJieHHH 5KCnJiyaTauH0HHwx xa- 
paKTepucxHK np^iaraeMOH cMa3KK li,HA' 
THM-201 5% Bi— Pb— Sn npoBOA^ ncnbi' 
rannH napw tpshhh JiaiyHb J163 — cTa^b 

9XC B Cpe^ft p33JIHMHHX CM330K u npK pa3- 

jiH^Hbix HarpyiKax. Ilocrt^ ^acosoft npwpa6oT^ 
mh npir yiie^buori Harpy3T<e W KadcM 2 Ha- 
rpysKy yBejmwsatOT ^epe3 Ka>Kabie 20 muh 
wa 10 KacfcM 2 . HcrtWTaHHe Bc^yT 20 muh npH 
Ka^KAofi Harpy3ne c uejibio cra6ujiH3auHH 
nponecca TpeHKS. B xoac 3kcnepwMej-Tta 
onpeAejiHioT Ko^ct>^HUHCHT TpeKHH h T«wnepa» 
rypy b aone TpeHHH. OnpfeAe.nck.ne JtMHeftHofi 

HHTGHCItB HOCTH H3H0C3 npOBOAHT PJIR Ka>KAOft 

narpy3KK no yKa3a»Ho5 awuie mctoahkc. -Hc- 
riHTaHH* npoaoiiHT ao AOCTH>Keiiu» HarpysKH 
3aeAaHHfl. OnpcAeJi^HHe TeMneparypw a 3ohgs 

TpfcHHH npOBOAHT M^TOAOM K0M6HHHpOB3HHOft 

tepMonapw. JUHHbte «HCnbTTaH«ft cBeA^Hw b 
Ta6jt. 4. 

KaK BHOTO H3 T3.6nHU.bl, HpH A°6a-&Ji6HHH 

b ocHOBHyio cMaaKy 5% ciwtaBa jipjtMepHo b 
2 paaa pacuiHp*eTcfl paDoMKft Anana30-R 
y^eJrbHbix HarpyaoK y3Jia TpeHHH no cpaBHe- 

HHK> C H3Be-CTHOft OM33Kofe M B 3 pa33 HO 

cpafiweHHio c 6a30Boft cMa3Koft 
20 L Pe3Ko yMeHbtuaeTC5i ttoa^HUHeHT Tpe- 
H-Hsi k npH yASJtbHfeix Harpy3Kax 100 rcac/cMr 
on pasew O^CKi, t. e. b *ieTbipe paaa M^Hbuae 
MHHHwa^uHoro aHa^eHHH Ko»4>4)HiiMeHTa Tpe- 
phh AA* cm 33 km UHATMM-201 + 5% Sn, a 
uiecxb pa3 MeH&nl^ ajih cmoskh U.HA- 
THM-1201 -h 5% Cu ii b 8 paa MeHbine, <teM 
AJis! UHAT-HM-201. 

TeMnfepaiypKHft pejKHK b 30H* Tpe-HKR 
npw pafiore y3Jia co CMa3Koft UWATMM- 
201 + 5% Bi— Pb— Sn, KaK bhaho «3 Ta6;iH> 
ubi, cxawoBHTCH 6o^ee CTa6HJibHbm npn 
yAejiMOK Harpy3KC CBWiue 30 kzc(cm*, b to 
speMH KaK RJin H3BCCTHWX cMasoK c ysejjHMe- 
hhsm HarpyaKw TeMnepaTypa B03pacraeT tio 

3KCnOHeHTe t MTO npHBOAMT K «npOT€KaHHK) B 

cMa3ne AecTpyK^HOHHWx npou-eccoB, oTpnua- 

T?JlbHO CKa3WB3K>U;HXC$! «3 e€ AOJlTOBe^l HOCTH 

u npHBOA^WHX k pafiore nap bi TpeHHH c aa^ 

AHpOM. 

B-cjieACTBHe TOrO, ^xo Jlpo^ecc xpeHHH C 
Honojib30BaHHew npeA^araeMoft cnasKH xa* 

paKT6pH3y^TC5J HH3KHMPH 3HaHeHHflMH «03(t«J>H* 

un&HTa TpeHHH H iCTa6n^ibHoft TeMnepaxypoft 
B aOHe TpeHH* b ytc33aHHOM A-M*ita30He Ha<rpy- 

30K, SHaTHTe^bHO yMeHbUiaeTCH MHTftHCHB- 

hoct& H^tfoca h yBejrHMHBatOTCH npoTHBO- 
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3 

T a 5 .1 h n a 3 



I 

i 



aepHa 
nopomKa, 

MKM 



3uTeKTMvecKan KoirucKTpauHfl 50 see. %, 33 see. % > 
17 see. % 

CHKApttettrfe KOwrrotreHTW skcm>t na — 3 Bee. % 
47 pec. % BKCKyra, 35 dcc. % 
euHHufl, J 8 see % o*0Ba 

OrKJ10H6H»e KOMnOKeKTbl RJICMyT -j- 3 SGC- 

% 53 ace. % bwcm yra, 31 bbc 

% CBHnua, 16 Bee. % oaoBa 
OrKjiaiieune KOAinoMeiiTu cBMiien. hs — 3 bec. % 

52 BCC. % BHCMyTA, 50 nee. 

% cjsmma, 18 etc. % oJiojsa 
OTKjrnHGMKe Kqi^nrjHeHTW cowneu na -f- 3 uec. % 

47,5 Bee- % BKCMyTa, 36 acc. % CBHima,, 

16,5 bcc. %. airoBa 
OTKvroBCHHe KOMnoweufhr ojiobg »ta. — 3 sec. % 

52 BCC. % sriCMpa, 34 sec. % 

cbhhub, J 4 sec. % cwioBa 

OTKJlOHeHHC KCMItOKeHTM OJIOBO Kg 4. 3 BSC. % 

-18 Dec. % BHCMyTa, 32 cec. % 
cBHHua, 20 see- % o*roBa 
OrKJinHQHHc KownoweRTM BKCMyr na 
— 5 sec. % 45 Bee. % BHCMyTa, 
36,5 &ec. % comma, 1,5 eec % tuiGna 

OTK,nO«ei!HC KOMCOHCKTbt BfttlwyT Ha 

+ 5 bcc. % 55 Bee. % jiMCwyTB, 
29.5 % CBRttua, 16,5 bec. % ojiob* 

OTK^OItCMKC KOMnOK€HTbT BKC^yT IIS —10 

Bee. % 40 sec % BJTCMyra, 
39,5 aec. % cbkhh3. 20,5 Bee. % cxnoBa 
OTBJioHeHwe xoMnoueMrK BHttoyr rfa -J- 10 
bcc. % 60 cec, % BHCMyTa, 
26 sec. % cB*?ima. 14 bcc. % ojiosa 



0,5—1,5 
1,2-2.5 

1,5-2,50 

1,25-2,5 

1,45-2,5 

1,2-2,0 

1.5-2,0 

5-7,5 

6,5-8,0 

8,5—12,5 



TeiJCHDHOCTI, 



0,45 
0,48 

0,50 

0.55 

0,54 

0,50 

0,55 

3,5 J 

3.6 

6^24 

6,12 



TflCvinua 4 



9Ktn.Jiy3TaUMOH- 

hwc xapaKTepHc» 

TKKH ChtaSKW 



UMATMM-201 



UHATHM-20I + 
+ 20 % Cu 



UHATMM-20H- 
4-20 % Cu 



UHATWM-20i + 
Bi— Pt>-So 



AQXbRBft 

tarpy3Ka 

» KtCfCM* 


iwenT. \l 


J Tewnepa- 
rypa 
B so He 

rc 


KHTeilCHB- 
HOCTfc 

K3HOCa, 

Vio* 


10 


ox 


50 


2 f 8B 


30 


0,19 


71 


5,72 


60 






CxoaTbi- 


100 












CM33KH 




10 


0.15 


34 


2,16 


30 


0,13 


46 


4>2 


60 


0,17 




C^BaTM- 


100 






BOHHe 






CH83KR 




10 


O.tl 


34 


1,92 


30 


0,09 


36 


3,0 


60 


0.13 


94 


4,70 


100 






CxBaTW- 








*awe 






CM3SKK 




10 


0,10 


34 


0,29 


30 


0,06 


as 


0,45 


60 


0,03 


45 


0.14 


100 


0,02 


52 


0,05 











CKOpOCTb 
CKO^fcOKe- 



npHMc^atfwe 



0J3 



0,7a 



0,73 



0,73 



Ai(ajiorK?ffbre 
peayJibTSTW 
no^yqeHM h npH-. 

CbrasoK na 

OCHOO* 

UWATHM'203 
JFHTO^-24, 
OKB- 122-7 
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sajTHpirbic c^owCTBa, t. e. nocTSBJieHHa n ue.m> 

ilOCTHraCTCH. 

Kpowc roro, npHMcneHne npen/iaraeMOH 
cmb3KH 3HaqiiiTe.TbHO pacuiHpneT paSouifi 
AHana30H yae/ibHbix Harpy30K juih Tpyiunx- 
ch nap, a TaKrce B-BH/iy HHSKoro onTHMajrbHO- 
ro npoucwTuoro co,nep;>Ka.HHH MeTajiJionjiaKH- 
pyEoomefi npwcazuoi noaBOJt^et new™ a Tpw 

pa3a yilCUICBHTb CTOWMQCTb CM33KH- 

4>opMy^a H3o5peTen h ^ 

AHTHtf>pRKiiHOKKaH MeTa^jrontfaKHpyjotuafl 
CMa3Ka Ha ocHOBe n^acTH^Hoft MWJibHoft cMa3- 
kh, coAeprcamaa nopouiKoo6pa3Hyio MeTa.i- 
jiH^ec«yjo Ao6aBKy T OT^.Htaiou^ascfl 

TfcM, ^TO, C UeJlblO iTIOBbTUieHHH npOTH 8033^11- 
PCJHUX CBOHCTB CMS3JCH H H3HOCOCTDftK0CTH 



10 



10 



nap TpeHHH, b Ka^ecTBe nopouiKooSpaSNOH 
MeTa^i^K^ecKoft Ao6asKH CMa3Ka co,aep>KiiT 
5 — 20 sec. % ciuta-Ba BHCMyT — csnHeu — 
ojtobo npn coaepjKaHKH komfiohchtob & cn,™- 
5 se, sec. % : 



Cbhhcu 

BHCMyT 



14—20 

30—36 
Ocra/ibHoe. 



HCTOqHHKH HH<{K>pMaU.ITH> npHHBTbie BO 

BHHMaHHe npn 3KcnepTH3e: 

j. A-BTopcKoe cBHAereJibCTBO CCCP 
15 Afe 278938, iwi. C 10 M 5/OG, 1968. 

2. ABTOpCKOC CBH,H€TeVIbCT.BO CCCP 

Aia 179409, kji, C 10 M 5'02, 1962 (npoTO- 

T-HIl). 



Cocts b itrc^ii Jl. Pycaitooa 

Pe.iaKTop IT. TopfiKOna TeXpej Jl. Kyk.rmita KoppcKjop C. Oafin 

3 a t<-? 3 373/517 Ma*. Ns 368 Tapa* 553 noAnitcKOE" 
HnO <noncK» FocynapcTBeHiioro KOMmera CCCP no aejiaM HsotfpeTemift h DTiipbrriift 
11 3035, Mockps. PayuicKPa ttafl,, jg. 4/5 ' 

Tun. XapbK. nptyi. «naTCKT» 
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